INTRODUCTION
Human intervention could interrupt or adjust the process of soil biogeochemical cycles, alter microbial metabolism and the intensity, quality, process of original soil nutrient cycles, leading to the changes of soil biological quality (Kong et al., 2006) . However, it is not sufficient and timely to use total content of nutrients to evaluate the changes of soil quality, especially when the soil has a high content of nutrients (Maria, 2005) . So it is essential to select a sensitive indicator for monitoring soil quality (Haynes, 1999) . As one part of active organic carbon, dissolved organic carbon (DOC) has been considered to be one of the key indicators of carbon availability to soil microorganism (Iqbal et al., 2010) , due to its quick circulation, ready availability for uptake, and sensitivity to *Corresponding author. E-mail: xnxu61@yahoo.com.cn or bbhyyxiaotao@gmail.com.
environmental changes. In addition, DOC plays an important role in the soil formation, nutrient element (e.g. N, P and S) cycles, heavy metal adsorption, degradation of organic pollutants, mineral weathering, microbial growth and metabolism (Dawson et al., 1978; Qualls et al., 1991; Kalbitz et al., 2000) . With the acceleration of global-scale urbanization, urban soils are sources of environmental risks and sometimes the pools of aerial pollutants (Zhang et al., 2010) . Urban soils experience dramatic changes, for cities themselves represent microcosms of changes in land use and plant cover, biogeochemical cycles, climate, and biodiversity, which eventually alter the soil carbon cycling (Grimm et al., 2008) . Spatial-temporal patterns and the controlling factors of DOC have been quantified in forest, grassland and agricultural ecosystems (Kalbitz et al., 2000; Michalzik et al., 2001; Dou et al., 2008) , but seldom in urban ecosystems.
Hefei was chosen as the case study because it is undergoing rapid expansion. This transformation could lead to the changes in soil nutrients especially DOC concentration. The primary objective of this study is to explain the DOC spatial variability, assess the effect of urbanisation on the soil DOC concentration, and to determine the major soil factors controlling DOC dynamics in urban soil.
MATERIALS AND METHODS

Study sites
This study was conducted in Hefei, eastern China (117°11′, 117°22′ E; 31°48′, 31°58′ N) (Figure 1 ). The total area of the city is 7266 km 2 , with 34.5% green land ratio, 39.5% greenery coverage and 9.3 m 2 public green areas per capita in the urban area. The climate of the region is north subtropical monsoon with mean annual temperature of 15.7°C. The mean annual precipitation is 1000 mm and mean total solar radiation is 119 kcal cm -2 . The zonal soil type is yellow brown soil which corresponds to Alfisols according to the USDA classification (Soil Survey Staff, 1999) .
Soil sampling
In accordance with city administrative planning, the sample sites were located in built-up areas of the city. In January 2010, soils were sampled in different types of green lands that belong to the different periods excluding the newly-reconstructed ones. In order to have a better understanding of the changes of urban soil under urbanization, a suburban site, Shushan natural forest park, was studied as a reference point. The green-land types included forest park, campus green-land, park green-land, residential green-land, roadside green-land and factory green-land.
Planation modes included arbor-lawn, shrub-lawn, lawn and arborshrub-lawn modes. All the soil sections were divided into three layers according to the soil depth, which was 0 to 10 cm, 10 to 20 cm, and 20 to 30 cm, respectively. At each site, the soil was sampled using an auger with an internal diameter of about 6.0 cm, three replicates were randomly selected, and finally, a total of 536 samples were collected. The soil properties were summarized in Table 1 .
Chemical analysis
All the samples in the present study were analyzed for soil electric conductivity, soil bulk density, soil moisture content, total phosphorus, soil pH (H2O) and pH (KCl). The concentrations of DOC and total dissolved nitrogen (TDN) were measured in solution by shaking 30 g of field-moist soil with 50 ml 2 M KCl for 15 min in 100 ml polypropylene bottles on a reciprocating shaker at a speed of 200 rev min-1 (Jone and Willett, 2006), and then was determined by MultiC/N3100 TOC analyser. This solution was also used for the measurement of NO3 − -N and NH4 + -N by FIAStar5000 flow injection analyser. Microbial biomass nitrogen (MBN) and microbial biomass carbon (MBC) were determined by the chloroform fumigation-extraction method (Brookes et al., 1985; Wu et al., 1990) . The following equation was used for estimate:
Where EC is the difference between the amount of dissolved organic Note: numbers in brackets represent standard deviation; EC means electric conductivity; BD, bulk density; SM, soil moisture content; total P, total phosphorus. carbon extracted from fumigated and non-fumigated soils (Wu et al., 1990 ) and:
Where EN is the difference of extractable total nitrogen between fumigated and non-fumigated soils; 0.45 is the fraction of extracted biomass N after chloroform fumigation (Solaiman, 2007) .
Where DON is the dissolved organic nitrogen (Shepherd et al., 2001 ).
Statistical analysis
Statistical analyses were performed using the computer package SPSS software (Guner et al., 2010) . Concentrations between the different components were compared using oneway analysis of variance. Tukey's HSD tests were applied for multiple comparisons to examine the significant differences among components (Yuko et al., 2006) . The relationships between variables were analyzed through the use of Pearson correlation coefficients (Kane et al., 2003) . Where P<0.05, the relationships were considered to be at a significant level for statistical analysis (Yuko et al., 2006) .
RESULTS
The impacts of green-land types on DOC concentration and distribution
The average concentration of DOC in soil (0 to 30cm) was 28.58 mg kg -1
, and mainly distributed between 12.15 and 45.01 mg kg -1 (Table 2) . The average DOC concentration were ranked in the order of suburban forest park > campus green- land > park green-land > residential green-land > roadside green-land > factory green-land. The concentration of DOC in the forest park was 1.48, 1.56, 1.65, 1.66, 1.94 as larger as the above-mentioned other five urban green-land types, respectively. Results from the multiple comparisons showed that there were significant difference in the soil DOC among roadside, factory, park, residential and campus green-land (P>0.05). The DOC concentration for each soil layer was highest in the forest park. The average concentration of soil DOC was significantly higher on the surface than in the deeper layers (P< 0.05). The vertical distribution of DOC changed irregularly in the residential and campus greenlands. Multiple comparisons showed that there were no significant differences between 0 to 10 cm and 10 to 20 cm layers (P>0.05) in the study sites. However, the DOC concentration was significantly lower in the 20 to 30 cm layer than that in the 0 to 10 cm and 10 to 20 cm layers.
The impact of planting modes on DOC concentration and distribution
The average concentration of DOC under the different planting modes decreased with soil depth. The DOC concentration under arbor-lawn mode was the highest (Table 3) , which was 59.21%, 59.66%, and 72.59% higher than under the shrub-lawn, lawn and arbor-shrublawn modes, respectively. However, the effect of planting modes on DOC concentration was slightly different for the different green-land types. In the residential, the DOC concentration under lawn mode was 40.14% higher than under the shrub-lawn mode; while in the campus, the DOC concentration under arbor-shrub-lawn mode was 14.95% higher than under shrub-lawn mode. Multiple comparisons revealed that there were no significant differences among lawn, shrub-lawn and arbor-shrublawn modes (P>0.05), while arbor-lawn mode had 
The DOC concentrations in different functional areas
Based on the different land use type, the city had four functional areas with the primary shopping centre located within the first ring-road. The primary industrial estate is located in the northeast, the science, culture and education centre located in the southwest, and the forest park located in the western suburban area (Figure 1 ). These four functional areas were along an urbansuburban environmental gradient from the east to the west of the city. Results showed that the land use changes made an obvious change in soil DOC concentration (0 to 30 cm) across the environmental gradient, with the greatest DOC concentration in the forest park which was 61.84%, 169.67%, 182.76%, respectively, higher than the concentration in the industrial estate, shopping centre, and the science, culture and education centre (Figure 2 ).
Controls of DOC concentration
Results from analysis of variance (Table 4) showed that green-land types, planting mode, and soil depth, impacted significantly on the DOC concentration (P<0.05). The interaction amongst green-land type, planting mode and soil depth had no significant impact on DOC concentration (P>0.05).
Results from the linear regression analysis showed that at the 0 to 30 cm soil depth, the average concentrations of DOC were significantly and positively correlated with soil moisture, NH 4 + -N, MBN, DON, and negatively correlated with soil pH, bulk density, EC, and total phosphorus (Figure 3 ).
DISCUSSION
Effects of green-lands types on soil DOC concentration
The present study showed that green-land types have clear influences on DOC concentrations. In the urban sites, factory, residential and street green-lands had relatively lower DOC concentrations compared with the park and campus green-lands. For the former, the decrease of organic matter in soil profile and fewer new organic matter supplements might be due to serious soil compaction (Gruber and Galloway, 2008) and particularly the periodic removal of litter fall. For the latter, the better manual management and protection measures improved the soil DOC to some extent. When compared with the natural site, the DOC concentration in the suburban forest park was significantly higher than in the urban sites, which might be due to its higher vegetation cover, less human disturbance and the addition of more fresh organic matter to the soil. However, in the urban sites, the frequent human disturbances, disappearance of dense grass cover, and reduced inputs of soil organic matter and root exudates resulted in fewer sources of organic carbon. Previous studies also showed that DOC concentrations are related to the soil organic matter which mainly originated from recent plant litter and humus (McDowell and Likens, 1988; Kalbitz et al., 2000; Michalzik et al., 2001) . In addition, during urbanization, conversion from the suburban natural green-land to urban construction land can result in alteration of soil moisture-temperature conditions, soil structure, nutrient cycles, and ultimately influence the soil DOC concentrations.
At the study sites, the average concentration of DOC decreased with soil depth. It was most likely attributed to the preferential sorption of high C: N hydrophobic dissolved organic matter in upper horizon (Lajtha et al., 2005) , and to the retention by particle surfaces (Qualls and Haines, 1992) .
Effects of land use change on soil DOC concentration
Vegetation is known to effectively control soil erosion, roots and microbial secretions and the vegetation type is the primary factor influencing the amount and composition of DOC (Qualls et al., 2000; Chantigny, 2003) . Our findings showed that vegetation planting mode had a significant influence on DOC concentrations (P<0.05). The DOC concentration in the 0 to 30 cm soil layer ranked as: arbor-lawn > shrub-lawn > lawn > arborshrub-lawn. It resulted from differences in the existing vegetation intensity which influence the root system, and the quality and quantity of litter fall. Soil DOC concentrations (0 to 30 cm) in four functional areas made an obvious change across the urbansuburban environmental gradient. This could be caused by the changes of land use, which alter the environmental conditions and vegetation types, resulting in the changes of biodegradation, leaching processes, the quantity and quality of soil organic matter, which affects the DOC concentrations. (Houghton et al., 1999; Post and Kwon, 2000; Guo and Gifford, 2002) .
Relationships between soil DOC and nutrients
Own results showed that DOC concentration was significantly and positivity correlated with soil moisture, while negatively correlated with total phosphorus, which was in agreement with previous studies. Neff et al. (2000) found that fertilization with phosphorus increased dissolved organic phosphorus leaching and decrease DOC fluxes. Falkengren-Grerup and Tyler (1993) suggested that in well-drained soil, high water content can raise microbial activity, thus increasing the formation of water-soluble compound. Huang et al. (2008) With regard to pH on DOC concentration, the results are inconsistent. In the present study, DOC concentration was significantly and negatively correlated with pH, indicating that the suburban forest park with the lower pH relative to urban soil tended to accelerate the accumulation of DOC to some extent. Similarly, Guggenberger et al. (1994) showed that DOC is significantly and negatively correlated with pH in the podzol solid stage of a mineral layer. In contrast, Hajnos et al. (1999) and You et al. (1999) observed a positive relationship between the release of DOC and soil pH in organic soil, which was also confirmed by Michalzik et al. (2001) who found the content of DOC leachates on the forest floor is positively correlated with soil pH. This suggested that higher pH values are more favourable degradation conditions for decomposer communities on the forest floor (Andersson et al., 2000) . Curtin et al. (1998) reported that there is no significant correlation between carbon mineralisation and pH within a pH range of 5.1 to 7.9. In addition, Cronan (1985) reported no differences in the amounts of mobilized DOC at a pH range of 3.5 to 5.7. Michalzik and Matzner (1999) found that relationships between DOC and pH are not consistent at the plot-level in the field studies. Reasons for this discrepancy could be a bias in temporal or spatial of observations, unknown synergistic effects (encompassed physical, chemical and biological processes), non-consideration of hydrological or differences in microbiology (Michalzik et al., 2001) .
The average concentration of DOC was 27.45 mg kg -1 in urban sites and 44.28 mg kg-1 in suburban sites, which were lower compared to the previous studies in forest, farmland, grassland and the Karst region (Kalbit et al., 2000; Michalzik et al., 2001; Liu et al., 2009; Dou et al., 2009) . This difference might not be only related to rainfall, anthropogenic disturbance, soil type and fertility but also to the sampling time (in January, the temperature was -2 to -7°C in the present study). Previous studies showed that temperature can control the flux and concentration of DOC through regulating the soil microbial biomass resulting in the seasonal change of DOC content. Under normal circumstances the soil DOC concentration was higher in summer than in winter (Scott et al., 1998; Tippin et al., 1999) . In contrast, a study by Jones and Willett (2006) showed that the soil DOC concentration vary with the different experimental methods. In the present study, 2 M KCl was used for the extraction, while in some other studies (Bolan et al., 1996; Christ and David, 1996) distilled water or 0.5 M K 2 SO 4 was used for extracting soil samples. The shaking and extraction time may also influence the concentration of soil DOC. Therefore, it is crucial to standardize experimental method for DOC to reduce the uncertainty when comparing different studies.
Conclusion
Results from this study demonstrated that DOC concentrations decreased with soil depth. Vegetation planting modes as well as green-land types have significant effects on DOC concentration (P<0.05). Land use changes made soil DOC concentration (0 to 30 cm) enjoy an obvious change across the environmental gradient. The concentration of DOC is obviously higher in suburban site than in urban sites, which indicates that under urbanization, the conversion of natural green-land to the urban green-land is not conducive to the accumulation of soil active carbon. And also, planting more trees, reserving litter, avoiding soil compaction, increasing plant coverage, and enhancing soil moisture content are helpful for DOC accumulation.
